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(54) Interferometers 

(57) An interferometer comprising in combination light generating means 1 -5 for producing coherent 
light, light splitting means 8 arranged to route light from said light generating means over two 
different paths one of which includes a fibre optic sensor 9 and the other which comprises a by-pass 
reference path of predetermined length, light combining means 1 0 arranged to receive the light after 
passage through said sensor and said by-pass path to provide an output of combined light, said two 
paths being located in such close proximity relative to one another as to be subjected substantially to 
the same ambient conditions, in which light derived from said light generating means is divided into 
periods of two different frequencies W1, W2, before the light is routed through said fibre optic sensor 
and the by-pass path and is combined by said light combining means, or light of a single frequency 
emerging from the combining means is combined with light of a different frequency derived from said 
light generating means, before the light is fed to a heterodyning optical detector 1 1 , in which the light 
passing through said fibre optic sensor will be phase modulated due to variations in the characteristics 
of the fibre optic sensor during operation of the interferometer and in which means is provided for 
preventing the generation of more than one time-division multiplex signal by said heterodyning optical 
detector, or at least preventing the arrival of more than one such time division-multiplex signal at the 
input of a phase or frequency modulation receiver 1 4 coupled to the optical detector. 
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The drawing(s) originally filed was/were informal and the print here reproduced is taken from a later filed formal copy. 
The claims were filed later than the filing date within the period prescribed by Rule 25(1) of the Patents Rules 1982. 
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SPECIFICATION 

Improvements relating to int rferometers 

5 This invention relates to interferometers and 
more particularly to interferometers in which a 
fibre optic sensor can be located remotely 
from a generator of coherent light and an 
optical detector for the sensed signals. 
1 0 In our co-pending Patent Application No. 
80341 78 there is described an interferometer 
in which a beam of coherent light derived 
from generator means (e.g. laser) and alternat- 
ing between one frequency (W1) and another 
1 5 frequency (W2) for like periods (t) is routed 
simultaneously over two paths. One of these 
two paths includes a fibre optic sensor which 
responds mechanically and optically to the 
impingement thereon of acoustic signals 
20 whereas the other path constitutes a reference 
path which by-passes the fibre optic sensor. 
The length of the sensor path relative to the 
reference or by-pass path is such that the light 
passing through the sensor is delayed by a 
25 period (t) with respect to the light through the 
reference path. The light from the two paths 
is combined and fed to an optical detector. 
The light from the reference or by-pass path 
alternates in frequency between the frequen- 
30 cies (W1) and (W2) and has a period (t). The 
light from the path containing the fibre optic 
sensor also alternates between frequencies 
(W1) and (W2) but during operation of the 
interferometer for detecting acoustic signals 
35 impinging on the fibre optic sensor the light 
in the fibre optic sensor path experiences 
phase modulations due to such impingement 
of acoustic signals on the sensor. Further- 
more, the time delay imposed by the fibre 
40 optic sensor causes the light from the apper- 
taining path to differ in frequency from the 
light from the reference or by-pass path by 
the values (W1-W2) and (W2-W1) alter- 
nately. 

45 The light from the fibre optic sensor and 
reference paths in falling on the optical detec- 
tor previously referred to causes the latter to 
produce an output comprising two signals 
time — division — multiplexed together one of 

50 which results from light at frequency (W1) in 
the reference or by-pass path being hetero- 
dyned with light at frequency (W2) in the 
fibre optic sensor path and the other of which 
results from light at frequency (W2) in the 

55 reference or by-pass path being heterodyned 
with light at frequency (W1) in the fibre optic 
sensor path. 

The output signals from the optical detector 
are phase-modulated carrier signals which 

60 have modulation indices of opposite signs and 
slightly different magnitudes. This poses diffi- 
culties when demodulating these signals for 
the detection of phase modulation due to the 
impingement of acoustic signals on the fibre 

65 optic sensor since the direct use of a phase- 



modulation receiver or frequency-modulation 
receiver will result in a low amplitude output, 
distortion and fading. This is because the 
receiver demodulates both of the time-divi- 
70 sion-multiplexed signals as a single signal. 

According to the present invention there is 
provid d an int rferometer of the general form 
hereinbefore described but comprising means 
effective for preventing the generation of or at 
75 least the arrival of more than one time-divi- 
sion-multiplexed signal at the input of the 
pahse modulation or frequency modulation 
receiver of the interferometer. 

According to one manner of carrying out 
80 the present invention, one of two time-divi- 
sion-multiplexed signals from the optical de- 
tector which receives the combined light from 
the respective reference and fibre optic paths 
is gated or electrically switched out of the 
85 path to the demodulator. This gating out 

procedure leaves an intermittent phase-modu- 
lated carrier only to be demodulated by the 
phase-modulation or frequency-modulation re- 
ceiver which can accordingly provide a stable, 
90 undistorted output of sufficient amplitude. 
According to another manner of carrying 
out the present invention, means are provided 
wherby the light beam which alternates be- 
tween one frequency (W1) and another fre- 
95 quency (W2) for like time periods (t) is inter- 
rupted at appropriate intervals to produce an 
absence of light for a period (t) following 
successive alternations in frequency from 
(W1)to(W2). 
1 00 With this arrangement the light from the 
fibre optic and reference paths of the interfer- 
ometer are combined to produce heterodyning 
of the light at frequency (W2) from the fibre 
optic sensor path with light at frequency (W1) 
105 from the reference or by-pass path. The out- 
put from the optical detector accordingly com- 
prises a single phase modulated signal which 
can be demodulated without the aforesaid 
difficulties arising by by means of a phase- 
1 10 modulation or frequency-modulation receiver. 
By way of example the present invention 
will now be described with reference to the 
accompanying drawings in which: 

Figure 1 is a schematic diagram of an 
1 1 5 interferometer constructed in accordance with 
the present invention; 

Figure 2 is a diagram which indicates the 
passage of light through the interferometer of 

1 20 Figure 3 is a schematic diagram of a modi- 
fied form of interferometer according to the 
inv ntion; and 

Figure 4 is a diagram similar to that of Fig. 
2 but showing the passage of light through 

125 the modified interferometer shown in Fig. 3. 
Referring to Fig. 1 of the drawings, the 
interferometer depicted is of the same general 
construction as that described in our co-pend- 
ing patent Application No 8034178 

130 (2087545). The interferometer which is util- 
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ised as a hydrophone comprises a laser 1 
constituting a source of coher nt light of fr - 
quency (W1) which is fed into a Bragg cell 2. 
In the present example the Bragg cell has 
5 applied to it from a signal generator 3 a 
modulating signal of frequency (WM) so that 
the output from the cell comprises signals of 
frequencies (W1) and (W1 + WM). An optical 
switch 4 then selects the frequency (W1) or 

1 0 (W1 + WM) (equals W2) from the output of 
the Bragg cell and the resultant signal alter- 
nates between these frequencies (W1) and 
(W2) at a predetermined rate by the operation 
of switch driver means 5. It will be appreci- 

1 5 ated that alternative arrangements for obtain- 
ing alternating frequency signals could be 
provided. In the present example, however, a 
time-division-multiplexed signal comprising 
shifted signals (W2) and unshifted signals 

20 (W1) each of period (t) is produced. This time- 
division-multiplexed signal is launched into a 
so-called downward optical fibre line 6 ex- 
tending to a remotely located hydrophone 
head 7. This head includes a beam splitter 8 

25 which divides the multiplexed beam into two 
and directs the divided beam over respective 
paths. One of these paths includes a coiled 
fibre optic sensor 9 whilst the other path 
constitutes a reference path which by-passes 

30 the fibre optic sensor 9. The two paths termi- 
nate at a combiner 1 0 which receives the 
light from the two paths the length of the 
reference path relative to the fibre optic sen- 
sor path being such that the combiner re- 

35 ceives contemporaneously signals of the fre- 
quencies (W1) and (W2) and provides an 
output as shown in Fig 2 comprising superim- 
posed signals of frequencies (W1) and (W2). 
Preferably, the signal delay introduced by the 

40 fibre optic sensor 9 is equal to the period (t) 
of each of the signals of frequency (W1 ) and 
(W2). 

The combined signals from the combiner 
10 of the hydrophone are fed to a photodetec- 

45 tor 1 1 through an upward optical fibre line 
12. The photodetector 1 1 has a square law 
characteristic which results in heterodyning 
between components of the combined signals. 
The light passing through the sensor 9 is 

50 phase modulated by acoustic signals due to 
mechanical and acousto-optic effects when 
acoustic signals impinge on the coiled sensor 
9. Accordingly, the output signals from the 
optical detector 1 1 will be phase-modulated 

55 carrier signals which have modulated indices 
of opposite signs and slightly different magni- 
tudes. 

In accordance with the invention the em- 
bodiment of interferometer presently being 

60 described includes gating means 13 which, as 
can be seen from Fig. 2, s rv s to remove 
one of th phase-modulated signals (S2). The 
other phase-modulated signal (S1) is fed to a 
phase-modulaion or frequency-modulation re- 

65 ceiver 14 for the detection of phase modula- 



tion caused by the impingement of acoustic 
waves on the coiled fibre optic sensor 9. 

It can b shown that the output from the 
gating means consist of the following compo- 
70 nents: — 

(a) a d.c. component of magnitude 
*k(A 2 + B 2 ); 

(b) a square wave of frequency WC and 
amplitude k(A 2 4- B 2 ); 

75 (c) a phase-modulated carrier at frequency 
WB having phase modulation: 



80 



85 



Phase = — <J>1 = - • 



W1(1 4- A1) 



This phase is composed of a slowly varying 
part, namely, 



- W1 



1 

C 



(which varies because 1 changes with temper- 
90 ature, pressure etc) and a part reflecting the 
acoustic modulation, namely, 



W1A 



95 



The gating increases the modulation by a 
factor 



100 



F = 



2W1 



WB 



In the above expressions. 
105 A = amplitude of field from fibre optic 
beam. 

B = amplitude of field from reference 
path beam 
k = constant 

^ ® (W2 — } tW ° * rec l uenc ' es °f '*9 nt usec! - 
1 = length of fibre optic sensor 
A1 = extension of fibre sensor due to 
sound. 

115 C = velocity of light in fibre 
WB= W2-W1 



211 



WC = 



120 



2t 



In a typical system using WB = 1 00 MHz 
and light of wavelength 633 wm the factor F 
is of the order of 10 7 . 
1 25 The carri r has an amplitude given by: 

amplitude = kAB. This is a constant so that 
there is no fading or amplitude modulation. 

(d) a set of pairs of phase-modulated carri- 
ers at WB ± WC, WB ± 3WC, WB ± 5WC etc. 
130 These have phase modulation: 
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W1(1 



phase = ± 



and do not display fading or amplitude modu- 
lation. 

Referring now to Figs. 3 and 4 ot the 
drawings these show a modified embodiment 
10 of invention in which the light beam launched 
into the downward optical fibre line 6 com- 
prises alternate signals of frequency (W1) and 
(W2) of period (t) as in the Fig. 1 embodi- 
ment, but the signal of frequency (W2) is 
1 5 followed by an interruption of duration (t) in 
the light beam. In order to achieve this signal 
pattern in the fibre 6 the optical switch 4 has 
three switching positions and be actuated by 
switch driver means 5 at time intervals(t). 
20 As can be seen from Fig. 4 of the drawings, 
only the superimposed signals (W1) and (W2) 
will be heterodyned by the photo-detector 1 1 
with the result that the output from the photo- 
detector will comprise only one phase-modu- 
25 lated signal (S1) which is then fed to a phase- 
modulation or frequency-modulation receiver 
14 for the detection of phase modulation 
produced by the acoustic energy impinging on 
the fibre optic sensor. By not generating one 
30 of the phase modulated signals in the photo- 
detector 1 1 the modulation receiver will be 
able to produce an undistorted signal output 
of sufficient amplitude which is a measure of 
the phase modulation produced by the im- 
35 pingement of acoustic waves on the fibre 
optic sensor 9. .. 

In the case of this modified embodiment it 
can be shown that the output from the photo- 
detector 1 1 consists of the following compo- 

40 nents: 

(a) a d.c. component of magnitude 

2 

— k 
45 3 

(A' + B-) 

(b) two rectangular waves of amplitude 
kA ; ' and kB'. respectively, and having .nark- 

50 space ratio of 1 :2, frequency WC and differ- 
ing in phase by 



phase = — <£1 

W1(1 +A1) 



211 



55 



70 



60 



radians. 

(c) a phase-modulated carrier of frequency 
WB and amplitude 



65 AB whose phase is given by: 



There is no fading or amplitude modulation 
and the carrier has the same modulation index 
as the gated out signal referred to above in 
75 relation to Figs. 1 and 2. 

(d) a set of pairs of phase-modulated earn- 
ers at frequencies of WB ± WC. WB ± 2WC. 
WB ± 4WC etc. These have the same phase- 
modulation index as in (c) above. 

80 

CLAIMS . .... 

1 An interferometer in combination lignt 

generating means for producing coherent 
light, light splitting means arranged to route 
85 light from said light generating means over 
two different paths one of which mcludes a 
fibre optic sensor and the other which com- 
prises a by-pass reference path of predeter- 
mined length, light combining means ar- 
90 ranged to receive the light after passage 

through said sensor and said by-pass path to 
provide an output of combined light, said two 
paths being located in such close proximity 
relative to one another as to be subjected 
95 substantially to the same ambient conditions, 
in which light derived from said light generat- 
ing means is divided into periods of two 
different frequencies before the light is routed 
through said fibre optic sensor and the by- 
1 00 pass path and is combined by said light 
combining means, or light of a single fre- 
quency emerging from the combining means 
** is combined with light of a different frequency 

derived from said light generating means. 
105 before the light is fed to a heterodyning 
optical detector, in which the light passing 
through said fibre optic sensor will be phase 
modulated due to variations in the character- 
istics of the fibre optic sensor during operation 
1 10 of the interferometer and in which means is 
provided for preventing the generation of 
more than one time-divisionmultiplex signal 
by said heterodyning optical detector, or at 
least preventing the arrival of more than one 
1 1 5 such timedivision-multiplex signal at the input 
of a phase or frequency modulation receiver 
coupled to the optical detector. 

2 An interferometer as claimed in claim 

1 in which the light derived from the light 
120 generating means is arranged to alternate be- 
tween two different frequencies (W1 and W2) 
for like p riods of time (t) and is routed 
through said two paths simultaneously, the 
length of the fibre optic sensor path being 

1 25 such that the light passing therethrough is 
delayed by a period (t) relative to the light 
passing through the by-pass reference path. 
3. An interferometer as claimed in claim 

2 in which the light derived from the light 

1 30 generating means alternates between the two 
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different frequencies (W1 and W2) for con- 
secutive periods (t) without interruption 
whereby the light output from light combining 
means falling upon the optical detector pro- 
5 duces an output comprising two time-division- 
multiplexed signals and which gating means 
is introduced between the output of the opti- 
cal detector and the phase or frequency mo- 
dulation receiver or demodulator to switch one 
10 of the time-division-multiplex signals out of 
the path to the demodulator. 

4. An interferometer as claimed in claim 
2, in which the light alternating between two 
different frequencies (W1 and W2) for like 

1 5 time periods (t) is interrupted by the operation 
of switching means to produce the absence of 
light for a period (t) following successive alter- 
. ations in frequency from one frequency (W1) 
to the other frequency (W2) whereby the 

20 output from the optical detector comprises a 
single phase modulated signal which is fed to 
the phase or frequency modulation receiver of 
demodulator. 

5. An interferometer as claimed in any 
25 preceding claim, in which the light of two 

different frequencies is produced by a bragg 
cell driven by a suitable modulating signal 
and in which switching means is provided to 
select in turn the light at the two different 
30 frequencies in order to produce alternate like 
periods (t) of light at the two frequencies. 

6. An interferometer substantially as here- 
inbefore described with reference to Figs. 1 
and 2 of the accompanying drawings. 

35 7. An interferometer substantially as here- 
inbefore described with reference to Figs. 3 
and 4 of the accompanying drawings. 

8. A hydrophone comprising an interfero- 
meter as claimed in any preceding claim. 
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